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VARIATIONAL PROBLEM OF OPTIMAL SHAPE OF A BODY
WITH MINIMAL RADIATION HEATING OF SURFACE
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Introduction

The optimal aerodynamic design of spacecrafts represents a promising domain of application of
methods of optimal control and calculus of variations. The spacecrafts which move in atmospheres
of planets with high hypersonic velocities are subject to intensive convective and radiation heating
of surface. For velocities close to the escape velocity and above, strong shock waves appear in front
of spacecrafts, and the gas passing through these waves start to irradiate. In this range of velocities
the radiation heat exchange and transfer start to play a determining role. One of efficient ways for
reduction of heat flows to surface is the choice of optimal shape of spacecrafts.

Along with improvement of traditional configurations (for example, axially symmetric bodies
and flat wings), recently, a search of new 3D shapes of bodies, which possess optimal aerodynamic
and thermal characteristics, is carried out. From the theoretical and experimental investigations it
is known that bodies with non-circular cross-cuts can possess lesser resistance in comparison with
equivalent rotation shapes of bodies of revolution (see the survey [1], pp.47-128).

We should note that similar results take place also in the optimization of bodies’ shapes by
heat flow. In [2] and [3] (see pp.149-178) optimal shapes of 3D bodies with minimal summarized
(convective and radiation) heating of surface along the trajectories of motion and possessing elliptic
base cut were found.

However, questions concerning optimization of not axially symmetric spatial configurations with
respect to the heating of surface are yet insufficiently studied. This is related to the fact that, in
the majority of works devoted to extremal problems of heat transfer problems, only problems of
determination of optimal shapes of longitudinal contours of axially symmetric and flat bodies were
considered (see the survey [3], pp.6-17; [4]). Therefore the study of the following question seems
to be of interest: How the heat exchange and transfer in 3D bodies are influenced by the shape of
their cross-cut contours?

The objective of this article is the statement and analytical solution of new optimization prob-
lems of finding shapes of 3D bodies, which minimize the radiation heating of surface. From the
mathematical standpoint, these problems are isoperimetric variational problems with two unknown
functions describing, respectively, longitudinal and cross-cut contours of a body. In the class of thin
bodies possessing the homothety property, the initial problem can be divided into the two simpler
ones: that concerning longitudinal (Section 2) and optimal cross-cut (Sections 3-7) contours of
body. It is shown that the optimal cross-cut contour will consist of n symmetric cycles.

A peculiarity of the approach suggested by the author for solving this problem is that the
minimum of a functional of radiation heating is sought by means of composing equations of the
arcs of the extremal and finding the number of these arcs. This brings us to introduction of an
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